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The complete primary structure of protein L2 which is the largest protein component of the E. coli 50 S 
subunit, has been established. A combination of enzymatic and chemical cleavages has been employed to 
isolate peptides, which were sequenced by the micro-DABITCYPITC double-coupling method [FEBS Lett. 
(1978) 93,205-2141. The sequence determined shows protein L2 to consist of 272 amino acid residues with 
M, = 29730. Secondary structure predictions were made based on the primary structure. Further, sequence 
regions homologous to other ribosomal proteins are presented. These results suggest protein L2, which 
binds specifically to the 23s RNA, to show homologous sequence stretches to the other RNA-binding 
proteins. 
E. coli ribosome Protein L2 Primary structure determination Secondary structure prediction 
Homology to other ribosomal proteins 
1. INTRODUCTION 
Protein L2 is the largest protein of the 
Escherichia coli 50s ribosomal subunit. Its M, is 
28000-32000 according to sedimentation equi- 
librium and SDS gel electrophoresis [l]. An open 
and unfolded structure has been postulated for 
protein L2 since it is highly susceptible to pro- 
teolytic attack under mild conditions and in PMR 
studies it gave no indication for a compact folding 
of the protein chain (21. It binds specifically to the 
23 S RNA [3-51, and its binding site is within the 
middle region of the RNA chain [6,7]. 
Protein L2 can be cross-linked in situ to proteins 
L5, L6, L7/L12, L9, LlO, Lll and L17 [8], and it 
has been found together with L15 or L 17 in protein 
complexes [9]. Protein L2 is among the few pro- 
teins which are involved in the binding of 5 S RNA 
to the 23s RNA [lo]. It is important for the 
peptidyltransferase activity of the 50s subunit as 
shown by affinity labeling and reconstitution 
studies [ll]. 
Here, the complete primary structure of protein 
L2 is reported. It consists of 272 amino acid 
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residues and has M, = 29730. Based on the amino 
sequence, the secondary structure of the protein is 
predicted. Furthermore, the primary structure of 
protein L2 is compared to that of all other 
ribosomal proteins whose amino acid sequences 
are known. 
2. MATERIALS AND METHODS 
2.1. Protein isolation 
Protein L2 was isolated from 50 S subunits of E. 
coli K12 (strain A19) ribosomes in the presence of 
urea as in [12] and was kindly provided by Dr H.G. 
Wittmann. Another sample was purified without 
urea as in [13] and was a gift of Dr J. Dijk. 
2.2. Limited trypsin digestion 
Cleavage of the protein after blocking the lysines 
with ETPA, exo-cis-3,6-endoxo- V4-tetrahydro- 
phthalic acid anhydride [ 141, synthesized according 
to [15], was performed as in [la]: 8mg protein 
were treated in 4ml 0.2 M borate buffer at pH 8.5 
for 1 h with 1Omg reagent at O”C, then dialysed 
against dilute ammonia at pH 8.0 and digested with 
Volume 149, number 2 FEBS LETTERS November 1982 
TPCK-trypsin (from Worthington, Freehold NJ) 
for 4 h at 37°C (enzyme/substrate, 1:50). De- 
blocking was done in 30% acetic acid overnight at 
room temperature, and the resulting peptides (LB- 
peptides) were separated by Sephadex G-50 s.f. 
(150 x 1 cm column) in 10% acetic acid, followed 
by thin-layer fingerprinting as in [ 17,181. Cleavage 
of the protein at the lysines after modification of 
the arginines with 1,2-cyclohexanedione (from 
Pierce Chemical Co., Rockford IL) was as in [19]. 
6mg protein were treated with 12mg reagent in 
2ml 0.2M NaOH for 3.5 h at room temperature, 
then neutralized and digested with trypsin (as 
above). The resulting peptides (CHD-peptides) 
were separated as above. 
2pg in 400~1 of same buffer) at 37°C for 3 h and 
6 h, respectively. Peptides CBII, CBIV and CBV 
were cleaved with thermolysin at 50°C (with 2pg in 
200~1 of same buffer) for 12 h; CBVI was digested 
with pepsin (with 4,ug in 300~1 of 5% formic acid) 
for 6 h at 37°C. All resulting peptides were purified 
by thin-layer fingerprinting. 
2.7. Cleavage with BNPS-skatole 1231 
2mg protein were reacted with 3 mg reagent, 
2-(2-nitrophenyl-sulfenyl)-3-methyl-3’-bromoin- 
dolenine (from Pierce Chemical Co., Rock- 
ford IL) in 200~160% acetic acid for 28 h at room 
temperature. The BNPS-peptides were separated 
as described for CNBr-peptides. 
2.3. Digestion with Staphylococcus aureus prote- 2.8. Sequence analysis of peptides and the intact 
ase l-201 protein 
Digestion of 1Omg protein was with 25Opg en- 
zyme (from Miles Biochemicals, Elkhart IL) in 
0.05% ammonium acetate at pH 3.9 for 48 h at 
37°C. The enzyme was added in two portions. 
Separation of the resulting SP-peptides was as 
above. Some peptide fractions containing larger 
fragments were further digested with trypsin. 
2.4. Digestion with Armillaria melleaprotease [2IJ 
2mg protein L2 were digested with 4pg enzyme 
(obtained from Dr V. Barkholt Pedersen, Copen- 
hagen) in 400~10.2 M N-methylmorpholine acetate 
buffer (pH 8.1) for 6 h at 37°C. The resulting AP- 
peptides were separated on Sephadex G-50 s.f. 
(140 x 1 cm column) in 10% acetic acid, followed 
by thin-layer fingerprinting. 
Liquid phase sequencing of the intact protein 
was made with a modified Beckman sequencer as 
detailed [24,25]. The released PTH-amino acid 
derivatives were identified on silica thin-layer 
sheets in three successive solvent mixtures and fur- 
ther by mass spectrometry as in [26]. All peptide 
fragments were sequenced manually by the 
DABITC/PITC (4-N,N-dimethylaminoazobenz- 
ene4’-isothiocyanate/phenylisothiocyanate) dou- 
ble coupling method [27] as given in [28]. 
Amino acid analyses were performed in Durrum 
D-500 analyzers in the sensitivity range of 
l-2.5 nmol/amino acid. Details of the experimen- 
tal procedures are reviewed in [28]. 
3. RESULTS AND DISCUSSION 
2.5. Digestion with trypsin 3.1. Sequence determination 
Samples (1 mg each) of untreated and of oxidiz- 
ed protein were digested with 2Opg TPCK-trypsin 
in 100~1 buffer (pH 8.1, as above) for 4 h at 37”C, 
and the digest was separated by thin-layer finger- 
printing. 
2.6. Cleavage with CNBr (221 
3 mg protein were treated with 10 mg CNBr in 
300~1 70% formic acid for 20h at room 
temperature in the dark. The peptides were 
separated on Sephadex G-75 s.f. (210 x 1 cm col- 
umn) in 10% acetic acid. Peptide CBI was further 
digested with trypsin (with 1Opg in 400,ul pH 8.1 
buffer) and with Armillaria mellea protease (with 
The N-terminal sequence of protein L2 up to 
position 43 was derived from liquid phase sequenc- 
ing of the intact protein in a modified Beckman se- 
quencer as reported [26]. The other sequences 
came from sequence analysis of several sets of 
fragments obtained after enzymatic digestions of 
the protein with trypsin, Staphylococcus aureus 
and Armillaria mellea protease and pepsin. In 
order to facilitate the alignment, larger sized pep- 
tides were obtained by treatment with cyanogen 
bromide.BNPS-skatole,2-(2-nitrophenyl -sulfenyl)- 
3-methyl-3-bromoindolenine, and by limited tryptic 
digestion after blocking of the c-amino groups of 
the lysines with ETPA, exo-cis-3,6-endoxo- V4- 
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tetrahydropnthalic acid anhydride or vice versa 
after reaction of the arginines with 1,2-cyclohexa- 
nedione. All peptides were isolated by a combina- 
tion of gel filtration on Sephadex columns with 
thin-layer methods or by direct thin-layer finger- 
printing. Their sequences were obtained manually 
with the sensitive DABITUPITC, 4-(NJV-dime- 
thylamino)-azobenzene-4’ -isothiocyanate/phenyl- 
isothiocyanate, double-coupling method. 
The combination of the sequence information 
obtained from the various cleavages allowed us to 
establish the complete primary structure of protein 
L2 unambiguously as presented in fig. 1. The 
nucleotide sequence of the gene coding for protein 
L2 is not available so far. Therefore, no com- 
parison with such data can be made. 
,*P7 ,r\PB 
(continued) 
Fig. 1. Primary structure of protein L2. Sequence data on individual peptides are indicated as follows: LPSQ, sequenced 
by an improved Beckman sequencer; (7) positively identified; (b) sequenced with the DABITWPITC double coupling 
method; TR, SP, AP, PE indicate peptides derived from cleavage with trypsin, S. aureus protease, A. meflea protease 
and pepsin, respectively. LB and CHD denote cleavages with trypsin after blocking of the lysines with EPTA and reac- 
tion of the arginines with cyclohexanedione, respectively. CN means cleavage with cyanogen bromide and LBTR, SPTR, 
CNTR, CNTH and CNAP subcleavages of the respective fragment with trypsin, thermolysin, and A. mellea protease; 
BNPS, cleavage with BNPS-skatole. 
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Fig. 1. concluded. 
Characterization of the protein 
According to the sequence given in fig. 1, pro- 
tein L2 has 272 amino acid residues. This amounts 
to M, = 29730. Protein L2 has a content of 23.2% 
basic residues (Lys, Arg and His) opposed to only 
7.7% acidic residues (Asp and Glu). Notable is the 
high content of glycine (12.5%) and valine (9.6%). 
Its amino acid composition is as follows: 
ASPIO, Asm, Thr14, Serlo, Glu11, Gln6, ProIT, 
(31~34, Ah, V&6, Mets, kl, Leuls, TYr6, 
Phe4, I-G, LYSZS, Arm, Trn, CY~Z. 
The distribution of the amino acids within the 
polypeptide chain is not uniform. Basic residues 
are clustered in both the N-terminal (pos. 3-70) 
and C-terminal (pos. 199-272) regions which also 
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contain 8 of the histidines accumulated in 3 se- 
quence areas. Each of the two histidines are inter- 
spaced by the sequence Ile-Gly-Gly-Gly- and 
Pro-Gly-Gly-Gly-, respectively. The C-terminal 
region contains both tryptophans and 2 of the 4 
phenylalanines. The N-terminal region contains 
one of the 2 cysteines and the remaining 2 
phenylalanines. The central part of protein L2 
(pos. 60-224) contains all methionines and all 
tyrosines. Based on this distribution of seldomly 
occurring residues and on some repetitions in se- 
quence stretches, internal repeats within the se- 
quence of protein L2 can be given, as presented in 
fig. 2. Internal repetitions have also been observed 
for other ribosomal proteins ([29]; in preparation). 
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Fig. 2. Internal repeats in the sequence of protein L.2. 
3.3. Secondary structure predictions of protein L.2 
According to the algorithms in [30-341, secon- 
dary structural elements in protein L2 have been 
calculated on the basis of the amino acid sequence, 
as detailed in 135,361. The predictions give a higher 
content of P-sheet structure in comparison to most 
of the other ribosomal proteins. These P-sheets are 
interrupted by strongly predicted turns (fig. 3). 
Table 1 
Percentage values of predicted conformations in protein 
Prediction B-Helix &Sheet Turn Unpredicted 
according (%I (%I (%I (To) 
to: 
f301 7 11 37 45 
[31,321a 9-15 27-34 41 16 
1331 18-22 14-27 49 18 
[341 30 19 40 11 
a Computed by a programme according to [36] 
i 
A IK-WI n $rlArlnrL---,w~~ 
cwm+MnKPGx- ~MIV*ROS*~TUhRICaR~~~~-~~~~~~-~-~~ luGemxGXYTR5NXR7m~~YRR?SX 
a-.. . I_ I + - . . - -. - _. . . .I * . _I ._ * . . 1 . . . 1. -* . . . . 
Fig. 3. Secondary structure predictions of protein L2. The calculations were made according to: S, [30]; F, [31,32]; N, 
[33]; R, [34]. For the predictions according to Chou and Fasman a computerized version has been employed [36]: ( AAM )
a-helix; (w) &sheet; ( m) &turn structure; (-) random coil. In the line PRE, three of four calculations gave 
predictions in agreement. 
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Table 2 
November 1982 
Homologous sequence regions in protein L2 and other ribosomal proteins of E coli 
Searching of homologous sequence stretches was made by the aid of a computer program under conditions explained 
in the text: (*) identical residues; (+) amino acids whose codons differ by one nucleotide; (-) amino acids whose 
codons differ by two nucleotides 
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Helices were calculated for pos. 180-203/207 and 
short ones at pos. 30-36 and 74-81. However, the 
Chou and Fasman predictions show that these 
regions also have similar probabilities for the oc- 
currence of P-sheet. Thus, this protein may mainly 
be constructed by &sheet and turn structural 
elements. The average values for the calculated 
secondary structures in protein L2 are listed in 
table 1. 
3.4. Sequence comparison with other ribosomal 
proteins 
A comparison of the sequence of protein L2 with 
the sequences of all other ribosomal proteins from 
E. coli and of about 20 ribosomal proteins deriving 
from other organisms has been performed. Strong 
homologies which span the complete chains of 
these proteins were not observed. However, 
shorter stretches of homologous structures were 
found, especially for protein L2 and Ll (see table 
2). This table also lists some other homologies, 
found by a newly developed computer assisted pro- 
gram. The search was performed for protein 
regions of different size (lo-35 residues long) 
under the following conditions: 
(i) At least 30-50% of the residues in the regions 
had to be identical amino acids in the proteins 
compared; 
(ii) Of the remaining non-identical amino acids at 
least 70% had to be those which differ by only 
one or two nucleotides within the correspon- 
ding amino acid codons. 
When the comparison was made under these 
conditions, almost no homologous regions were 
observed to correspond with the N-terminal por- 
tion of protein L2. On the other hand, similarities 
were found in the regions between pos. 40-120, 
130-180 and 190-225. Proteins deriving from 
both, the small and the large subunit, contribute to 
these homologies. It is remarkable that protein L2 
has a region homologous to the repeated structure 
in protein Sl which is located within the RNA- 
binding domain [29]. Homologies were also found 
with repeats in the structure of other proteins, such 
as S7, S9, and L9 (not shown in table 2). These will 
be presented elsewhere. Among the L-proteins 
having homologous stretches to protein L2 are 
predominantly proteins which bind to the 23 S 
RNA. As the same function is also assigned to pro- 
tein L2 [3-51 the similarities in the sequence stret- 
ches may reflect a common functional feature of 
these proteins. This will be discussed in detail 
elsewhere. 
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